Abstract: Electrochemically, laccase, a family of multi-copper oxidase, has specificity for performing not only one-electron oxidation of phenolic-related compounds but also four-electron reduction of oxygen, which is expected to be a cathode of biofuel cells. We have prepared three amino-acid derivatives (for enhancing affinity to laccase) and one control (just for determining redox behavior of ligands and Cu(II/I)) copper(II) complexes 0-3 having phenolic-related ligands involving anthraquinone moiety. Enhancing current density of electron transfer between the cathode (composed of electron conducting materials such as Nafion and carbon nanotube) and laccase could be observed for all 1-3 acting as good mediators according to (spectro)electrochemical results.
Introduction
 Laccase has been used as a cathode enzyme of biofuel cells [1] . Besides direct electron transfer, a certain mediator such as metal nanoparticles, metal complexes, or redox-active organic compounds, may be necessary to improve the quality of efficiently transfer electrons to the enzyme. Generally, nanoparticle mediator is advantageous spatially (inclusion into the enzyme) and disadvantageous in terms of quantity of electricity basis (namely low current density). Herein, we have attempted to overcome the spatial disadvantage of metal complex mediators [2] [3] [4] by designing (0 and) 1-3 (Scheme 1) by molecular design; (1) amino acid moiety and planar structure (molecular orientation in the hydrophobic pocket near the T1Cu site) to enhance affinity to enzyme, (2) including redox-active moieties both organic ligand and metal ions.
Experimental
Chemicals of the highest commercial grade available (solvents from Kanto Chemical, organic compounds from Tokyo Chemical Industry and metal sources from Wako) were used as received without further purification. Electrodes of laccase and complexes were prepared and measured in our previous method [3] .
2-hydroxy-anthraquinone-1-carbaldehyde was prepared according to the literature procedure [5] . Treatment with equimolar (R)-1-phenylethylamine in methanol at 313 K for 2 hr to become yellow and stirring 0.5 equimolar copper(II) acetate for 1 hr gave brown prismatic crystals of four-coordinated square planar 0 (Fig. 1) 
(C = N). UV-v is
(acetate buffer) 220 nm (π-π*), CD 210 nm (+). Instead of 1-phenyleamine for 0, 1-3 were also prepared using the corresponding L-amino acids. Electrochemical ( Fig. 2 ) and spectroscopic characterization with computational interpretation (Fig.  3) for only complexes 1-3 are depicted.
Elemental analyses (C, H, N) were carried out with a Perkin-Elmer 2400II CHNS/O analyzer at Tokyo University of Science. Infrared spectra were recorded as KBr pellets on a JASCO FT-IR 4200 plus spectrophotometer in the range of 4,000-400 cm -1 at 298 K. Electronic spectra were measured on a JASCO V-570 UV/VIS/NIR spectrophotometer (equipped with an integrating sphere for diffuse reflectance spectra) in the range of 800-200 nm at 298 K. CD (circular dichroism) spectra were measured as KBr pellets on a JASCO J-820 spectropolarimeter in the range of 800-200 nm at 298 K. Electrochemical (cyclic voltammetry, CV) measurements were carried out on a BAS SEC2000-UV/VIS and ALS2323 system with Ag/AgCl electrodes range of -0.50-0.80 V vs. Ag/Ag + .
Crystals of 0 were glued on top of a glass fiber and coated with a thin layer of epoxy resin to measure the diffraction data. Intensity data were collected on a Bruker APEX2 CCD diffractometer with graphite monochromated Mo K radiation (λ = 0.71073 Å). Data analysis was carried out with a SAINT program package. An empirical absorption correction was applied by a program SADABS [6] . The structures were solved by direct methods with a SHELXS-97 [7] and expanded by Fourier techniques and refined by full-matrix least-squares methods based on F 2 using the program SHELXL-97 [7] . All non-hydrogen atoms were readily located and refined by anisotropic thermal parameters. All hydrogen atoms were located at geometrically calculated positions and refined using riding models. 
Results and Discussion
Fig . 4 showed a spectroelectrochemical proof of mediator function of 0 (reduction of oxygen is at about 540 mV generally [9, 10] ), and that intermediate species exist in the new complex, in other words, quinone moiety of the ligand should be considered as the anion structure.
For laccase and (0 and) 1-3 hybrid systems (Fig. 5) , monotonous increase of CD bands around 480 and 230 nm implied that the mediator preferentially binds to the hydrophobic pocket of laccase via appropriate intermolecular (electrostatic) interactions (as shown electron density distribution and dipole moments in the direction with the x,y,z-coorinates in Fig. 3 ) and keeping secondary structure of laccase, respectively. Fig. 6 and Table 1 also indicated the decreased current densities by nitrogen purging only were 31, 7, 58, and 59 A for laccase only, laccase and 1-3, respectively. 
Conclusions
By comparison with conventional (Scheme 2) or a control complex 0, improved mediators 1-3 have three advantages, which are as follows:
 Strong intermolecular interaction and suitable fitting between complexes (amino acid moiety) and laccase (surface) was expected.
 The current values of the oxygen reduction peak of laccase increased.
 The laccase/mediator biocathode could enhance the electrocatalytic current of O 2 reduction.
